INTRODUCTION
The health-oriented properties of fruits are connected to a large extent with their content of antioxidant compounds, which supports natural protective mechanisms of the organism. Highbush blueberry fruit is a very rich source of antioxidants. Factors that may affect antioxidant activity include genetic differences, maturity at harvest, weather conditions and postharvest storage conditions (Ehlenfeldt & Prior 2001) . Antioxidant activity of highbush blueberry fruit varies from 17.0 to 60.1 µmol Trolox equivalents per gram with the ORAC method (Prior et al. 1998) . Connor et al. (2002b) report that the antioxidant activity of highbush blueberry fruit is strongly correlated with its anthocyanin content (r=0.92). Häkkinnen et al. (2000) observed an increased anthocyanin content and antioxidant activity during the berry storage and the fact that the rate of this process depends on the physiological state of berries and conditions of their storage. Wszelaki & Mitcham (2000) and inform about a positive effect of a high concentration of oxygen in the atmosphere surrounding the fruit on the content of antioxidant compounds. Opposite opinion is presented by Gil et al. (1997) who did not observe any significant effect of the controlled atmosphere on the anthocyanin content.
The aim of the present investigation was to evaluate the gaseous composition of the atmosphere in the storage chambers and the time of fruit storage on the sensory related properties, individual anthocyanins content and antioxidant properties of highbush blueberry fruit of 'Bluecrop' cultivar.
MATERIALS AND METHODS
The investigations were carried out in the years [2002] [2003] . Fruits of 'Bluecrop' cultivar were harvested at the stage of consumption maturity and stored in eight gaseous storage chambers of the controlled atmosphere (CO 2 : O 2 = 12: 1.5, 12:3, 12:6, 12:12, 18:1.5, 18:3, 18:6, 18:12) and in normal atmosphere. Berries were stored for 8 weeks at the temperature 0 o C and relative air humidity of about 95%. The experiment was performed in four repetitions, each for 0.5 kg of berries. The anthocyanin content, distribution of pigments using the HPLC technique, firmness, titratable acidity, soluble solids content and antioxidant activity were determined five times, i.e. directly after fruit harvest and at two week intervals during storage. The total anthocyanin content was determined by the spectrophotometric method by Fuleki & Francis (1968) , consisting in determination of the difference in absorbance of solutions of pH 1.0 and pH 4.5 at the emission of 520 nm. Presented results were recalculated into cyanidin chloride. Analysis of anthocyanins with the HPLC method was done according to the method of Kalt et al. (1999) . Fruit homogenate was extracted with 25 ml of mixture (acetone : methanol : water = 35 : 35 : 30) acidified with 1 cm 3 of 36% (w/w) HCl per liter. Then it was filtered through a Schoot filter and a clear filtrate was evaporated in the vacuum at 40ºC to evaporate acetone and methanol. The remaining solution was poured to a flask of 25 ml, filled up with distilled water and put through a column Sep ® -Pak ® Plus C18 (Waters). The column was rinsed with water acidified with H 3 PO 4 . Then anthocyanins were washed out using 70% methanol. The obtained sample was purified on the filter 0.45 µm Millex ® -HV (Millipore) Analysis of distribution and anthocyanin content was performed with the help of HPLC by PerkinElmer series 200 with Diode Array Detector (DAD). The distribution was done using the column Spheri-5 RP-18, 5µ, 220 x 4.6 mm (Brownlee Columns) with eluent flow of 1 ml·min -1 . The column thermostat temperature was 22ºC. The mobile phase was a mixture: water (A) : formic acid (B) : acetonitrile (C) with variable parameters of the gradient A and C. The identification of anthocyanins was done by comparing with literature data concerning the anthocyanin identification (Gao & Mazza 1994 and using the DAD collected UV spectra (spectrum within the range 200-700 nm). The anthocyanin content was presented in mg . 100 g -1 fruit fresh matter as the equivalent of cyanidin-3-glucoside. Berry firmness was determined as a value of force necessary for straining the fruit by 5 mm. The determinations were done with the firmness measuring apparatus Instron 5542. The measurements were taken on 20 fruits from each repetition. Blueberry acidity was determined according to the Polish standard PN-EN 12147 (2000) in water extract from an average sample of minced fruits. The results were expressed in percent of anhydrous citric acid. The soluble solids content was determined refractometrically, according to the Polish standard PN-EN 12143 (2000) in the juice squeezed out from 20 berries. In 2003 also the antioxidant activity was determined according to the method by Saint Criq de Gaulejac et al. (1999) with the help of the synthetic radical DPPH (1,1-diphenyl-2-picrylhydrazine, Sigma). The antioxidant activity was calculated on the basis of absorbance measurements for the proper sample (fruit extract + DPPH + ) performed after 20 min at λ=517 nm in relation to the control sample (H 2 O + DPPH + ). The results were presented in per cent. The results were analyzed statistically in program Statgraphics® Plus 4.1 using the two-way analysis of variance. Newman-Keuls test was used for the evaluation of the significance of differences between the means accepting the significance level as 5%. The method of straight linear regression was used in the analysis of dependence between the investigated indicators.
RESULTS AND DISCUSSION
The total anthocyanin contents determined immediately after fruit harvest in the years 2002 and 2003 amounted to 184 and 175 mg·100 g -1 fresh matter, respectively. Ehlenfeldt & Prior (2001) observed a similar anthocyanin contents (182 mg·100 g -1 fresh matter) in fruits of 'Bluecrop' cultivar. After two weeks of storage there was an increase of anthocyanin contents in berries on the average by 17% (Table 1) . At the successive dates of analysis the contents of those components decreased reaching after 8 weeks the values lower than directly after harvest. The contents of anthocyanins in fruits clearly depended on the conditions of storage. Particularly in the year 2002 clearly higher contents of those pigments were observed in fruits stored in CA, especially in atmospheres of lower oxygen contents than in common storage. In the case of that index the oxygen concentration was of primary importance. The highest anthocyanin content was always observed in fruits stored in the atmosphere containing 1.5% of oxygen. No similar dependence was observed in the experiment in relation to various concentrations of carbon dioxide. The obtained results of the investigation confirm the observations by Steward et al. (1999) and Connor et al. (2002a) . On the other hand Forney et al. (2002) represent an opinion that carbon dioxide at the concentration of over 15% favours the loss of the skin colour during storage. Despite the fact that the conditions of CA were always favourable to the higher anthocyanin contents in fruits than in the conditions of common cold storage, the rate of the decrease of that index analyzed in time was similar in both technologies of storage. Using the HPLC technique for the separation of pigments, 14 colour compounds from the anthocyanin group were detected in the experiment, i.e. delphinidin-3-glucoside, delphinidin-3-galactoside, delphinidin-3-arabinoside, cyanidin-3-glucoside, cyanidin-3-galactoside, cyanidin-3-arabinoside, peonidin-3-glucoside, peonidin-3-galactoside, petunidin-3-glucoside, petunidin-3-galactoside, petunidin-3-arabinoside, malvidin-3-glucoside, malvidin-3-galactoside, malvidin-3-arabinoside ( Table 2 ). The conditions of storage similarly affected the quantitative changes of particular anthocyanins and total anthocyanins. After two weeks of storage as compared to analysis performed immediately after harvest, a clear increase of the contents of all compounds determined in fruits was observed and then at the successive dates of analysis there was a systematic decrease of the pigment content in berries. However it was quicker in fruits stored in the common storage than in the CA conditions. Variant analysis showed significantly higher contents of all the analyzed anthocyanins in berries stored in the conditions of the controlled atmosphere than in common cold storage. Only in the year 2003, from the fourth week of storage it was observed that the contents of components of the delphinidin and peonidin groups and after 8 weeks of storage contents all the analyzed compounds in fruits did not differ significantly in both technologies of storage. On the other hand, the comparison carried out between particular gaseous components revealed that the significantly highest contents of components from the anthocyanin group was characteristic for fruits stored in two combinations, i.e. 12:1.5 and 18:1.5 independently from the year of investigation. Changes in the antioxidant activity of berries showed a high similarity with the total anthocyanin content. After two weeks of fruit storage there was observed an increased power of binding free radicals DPPH + , however, the successive dates of analyses showed a significant decrease of the value of this indicator. Despite a tendency of higher antioxidant activity of berries stored under conditions of controlled atmosphere, especially with 1.5% oxygen concentration, the effect of the gaseous composition proved to be statistically insignificant. Firmness is a basic indicator of fruit maturity. In the case of berries stored under the CA conditions their firmness clearly depended on the concentration of carbon dioxide. In that case, it was observed in all years of investigation that fruits stored in the atmosphere with 12% content of carbon dioxide were characterized by a higher firmness then in the case when the concentration of this gas was maintained at the level of 18% (Table 3) . It confirms the observation by Clayton-Greene (1993) , who noted that the storage of fruit of the 'Bluecrop' cultivar in an atmosphere of a high CO 2 concentration causes flesh glueyness. In 2002 the differences in flesh firmness under the influence of oxygen concentration were observed when the CO 2 level amounted to 12%. It proved then, that the berry firmness was significantly lower only under the influence of the lowest oxygen concentration, i.e. 1.5%. Similar dependence is also reported by Forney et al. (1998 Forney et al. ( , 1999 . A proved effect of the storage condition on the titratable acidity was observed only in the first storage season. Then, it was observed that fruits stored in the common storage were characterized by a lower acidity than berries stored in the controlled atmosphere. Generally, fruit acidity decreased with the time of storage. However, changes in the value of this indicator were ambiguous both under the effect of oxygen concentration and carbon dioxide concentration. Also statistically proved effect of the gaseous composition of CA on the content of soluble solids in berries was observed in the first out of two years of investigation. However, it was difficult to find repeatable dependencies in the successive dates of analyses. The lowest soluble solid content after 4 and 6 weeks of storage was characteristic for berries from the gaseous composition 18 : 12 (Table 3) .
A proved effect of particular indicators of fruit assessment revealed that the antioxidant activity was positively correlated with the anthocyanin content (r=0.98**), delphinidin-3-glucoside (r=0.95**), delphinidin-3-galactoside (r=0.98**), delphinidin-3-arabinoside (r=0.95**), peonidin-3-glucoside (r=0.95**), peonidin-3-galactoside (r=0.95**) and berry firmness (r=0.85**) (Table 4) . It means that the antioxidant activity of berries increased with the increase of anthocyanin content and particularly compounds derived from delphinidin and peonidin with any sugar radical. It agrees with the results obtained by Kalt et al. (1999) and Connor et al. (2002a) who report that the antioxidant capacity of highbush blueberry fruit depends to a very high extent on the content of polyphenols and especially anthocyanins. In the present experiment the anthocyanin content determined (r 2 express in percent) the antioxidant capacity of berries in 96% while the coefficient of determination for fruit firmness amounted to 73%, and it was also high for acidity and soluble solids content -54 and 58%, respectively. It was demonstrated in the experiment that not all analyzed compounds from the anthocyanin group are strongly correlated with the total anthocyanin content. Namely, delphinidin-3-glucoside, delphinidin-3-galactoside, delphinidin-3-arabinoside, cyanidin-3-galactoside, peonidin-3-glucoside, peonidin-3-galactoside showed a high correlation with this coefficient amounting to over r=0.8, while for cyanidin-3-arabinoside, petunidin-3-arabinoside the correlation amounts to r=0.5. A fact of a high correlation of compounds composed from the derivatives of cyanidin and petunidin and any sugar radical with the exception of cyanidin-3-glucoside in relation to the soluble solid content in berries was surprising. (n = 36); *-r 0.05 = 0.33; ** -r 0.01 = 0.42; AA -antioxidative activity, dph-glu -delphinidin-3-glucoside, dph-gal -delphinidin-3-galactoside, dph-ara -delphinidin-3-arabinoside, cy-glu -cyanidin-3-glucoside, cy-gal -cyanidin-3-galactoside, cy-ara -cyanidin-3-arabinoside, pn-glu -peonidin-3-glucoside, pn-gal -peonidin-3-galactoside, pt-glu -petunidin-3-glucoside, pt-gal -petunidin-3-galactoside, pt-ara -petunidin-3-arabinoside, mv-glu -malvidin-3-glucoside, mv-gal -malvidin-3-galactoside, mv-ara -malvidin-3-arabinoside.
CONCLUSIONS
1. Highbush blueberries stored under the condition of CA, especially in the atmosphere containing 1.5 or 3% O 2 show a higher anthocyanin content than fruits stored in the common cold storage. 2. Antioxidant activity of highbush blueberry fruits correlated with the content of total anthocyanins and particularly delphinidin-3-glucoside, delphinidin-3-galactoside, delphinidin-3-arabinoside, petunidin-3-glucoside, petunidin-3-galactoside. 3. The composition of gases in the controlled atmosphere affects acidity and the content of soluble solids only to a slight extent.
